Introduction
The association between volume of patients cared for and positive outcome measures including mortality is supported by a large and growing volume of literature. The majority of studies have focused on surgical rather than medical outcomes and positive medical studies have tended to be disease specific. Studies showing a relationship between hospital and physician volume and outcomes exist in a wide range of surgical conditions, myocardial infarction, stroke, AIDS and breast cancer among others. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Understanding the relationship between volume and outcome goes beyond simple numbers. Two principal hypotheses have been advanced to explain the association. The 'practice makes perfect' model makes intuitive sense, the treatment of a greater number of patients will lead to a refinement of clinical skills and an improvement in overall management. The 'selective referral' hypothesis suggests that hospitals and physicians who achieve better outcomes will develop a positive reputation and therefore lead to increased referrals and volume of patients. 11 Although most of the published literature supports a positive relationship between volume and outcome, there are also a number of studies that have not found this relationship, these appear to be more common among medical than surgical conditions. 12, 13 There has been a suggestion that the apparent association between volume and outcome can alternatively be explained by unmeasured confounders such as illness severity, co-morbidities and socioeconomic factors. 14 To our knowledge, there is little data available on the impact of patient volumes on the outcome of acute medical admissions. Knowledge of the most appropriate structure for the care of acute medical admissions has important implications for the future planning of health care and for physician training. This issue has become more pertinent at a time when health care systems throughout the world are being redesigned, often in the setting of a hostile economic climate. The aim of this study was to evaluate outcomes of acute medical admissions by consultant volume in a large teaching hospital over a 10-year period.
Methods
St James's Hospital (SJH), in addition to national and regional roles, serves as a secondary care centre for emergency admissions for its local Dublin catchment area of 270 000 adults, operating a continuous sectorized acute general 'take' with patients directed towards surgical or medical specialties. All unselected emergency medical admissions are referred to one of nine teams operating a 1:9 24 h 'on-call' roster; this article deals with any such patient admitted under any 'on-call' consultant participating in this General Medical roster between 2002 and 2011 inclusive. The 'on-call' system is covered by a 'physician of the day' with a post-call review round. There are 22 consultants participating in the 'on-call' system, some teams are covered by a single consultant and others by up to three consultants with the frequency of individual consultants being 'on-call' varying between 1:9 and 1:27.
As part of the establishment of an Acute Admission Unit in 2003, an anonymous patient database of all such emergencies was established. The patient electronic data (electronic patient record) are separate from the patient chart (clinical paper record) which has not been accessed. Discharge codes and procedures are coded at discharge for the hospital in-patient enquiry (HIPE) scheme. HIPE is a national database (Economic and Social Research Institute) of coded discharge summaries from acute public hospitals in Ireland obtained using the International Classification of Diseases, Ninth Revision Clinical Modification (ICD-9-CM; ICD-10-AM from 2005). 15, 16 Data on our research database included hospital number, date of birth, patient gender, dates of admission and discharge, diagnosis-principal and up to nine additional secondary diagnoses, procedures-principal and up to nine additional secondary procedures and admitting consultant responsible for care.
Data relate to all emergency medical patients admitted to SJH between 1 January 2002 and 31 December 2011. Where patients had multiple admissions, to maintain the independence of observations, we considered the most recent clinical episode. Mortality was any in-hospital death, within 30 days of admission. The data analysis was blind to all but the principal investigator. We examined the volume of unique patients admitted under each consultant for the last 5 years, with cut-offs set at the 50%, 60% or 70% centiles of the numbers of patients admitted. Six of the 22 physicians admitted 50% of all emergency medical patients, with 7 and 8 admitting 60% and 70%, respectively. We adjusted for differences between the groups by Acute Illness Severity, Manchester Triage Category, Charlson Co-morbidity Index and Deprivation Status. The transfer of patients to another 'firm' was not considered so the analysis was by allocated consultant on a per diem basis; the admitting and discharge consultant over the 10-year study period was the same in 87.6% of episodes.
Derangement of laboratory parameters may be utilized to predict clinical outcome. We have previously derived and applied an Acute Illness Severity score, predicting 5, and 30-day in-hospital mortality from six laboratory tests determined at time of hospital admission: serum sodium, serum potassium, serum urea, serum albumin, red cell distribution width and white blood cell count. This laboratory score can accurately predict 30-day in-hospital mortality [AUROC 0.88: 95% confidence interval (CI) 0.88-0.89] and has the great advantage that admission laboratory data are nearly always available for each patient. 17 The urgency of each case presenting to the Emergency Department was assessed using the Manchester Triage Category. 18 Co-morbidity was assessed using the Charlson Co-morbidity Index.
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To classify deprivation, we used the Irish National Deprivation Index for Health and Health Services Research, derived by the Small Area Health Research Unit (SAHRU) at Trinity College Dublin (TCD). 20 Using the census data from the Central Statistic Office (CSO) (1991, updated in 2002 and 2006), a functional index of deprivation was computed by the TCD group. The Republic of Ireland is divided into 3440 Electoral Divisions (EDs); these are the smallest administrative areas for which population statistics are gathered by the CSO. Some EDs are sparsely populated and for reasons of confidentiality their data are merged with neighbouring EDs; therefore, the Small Area Populations Statistics (SAPS) was available on 3409 EDs. SAPS contains classifications of census variables; data pertaining to individuals are not available. Using principal components analysis (PCA), a weighted combination (originally five including overcrowding) of four indicators, relating to unemployment, social class, type of housing tenure and car ownership, was derived, as described by the SAHRU investigators. In this analysis, the PCA is weighted by the population size of the ED-a typical approach for geographically weighted data. Larger populations with this method tend to disproportionately influence the model, so the authors employed an adjusted method (shrinkage) so that each of the constituent indicators for EDs within small populations were 'shrunk' towards the respective local area average. With this method, the first principal component retained over 71% of the information content in the constituent variables. A raw score (SAHRU index) was derived from the first PCA; the Index scores were ranked from low (least deprived) to high (most deprived) and divided into deciles according to their ranked raw scores. Using an address, data at an individual level were geo-coded and matched with the SAHRU Deprivation raw score and deciles. This attribute data were joined to the small area polygon geometries based on their relative geographic positions, using the Arc-GIS10 Geographic Information System software implementation of the well-known Point-in-Polygon algorithm as outlined by Shimrat. 21 
Statistical methods
Descriptive statistics for baseline demographic data included, as appropriate, means/standard deviations (SDs), medians/IQRs or percentages. Comparisons between categorical variables and mortality were with chi-square tests. Logistic regression analysis identified potential mortality predictors and then tested those that proved to be significant univariate predictors (P < 0.01 by Wald's test). Receiver Operator Curves were modelled using linear regression, with covariate control; thereby, it was possible to examine the dependence of prediction (sensitivity and specificity) on specific covariates, such as gender.
We used the margins command in Stata 12.1 to estimate and interpret adjusted predictions and marginal effects for consultant category, while controlling for other predictive variables. Margins are statistics calculated from predictions of a previously fitted model at fixed values of some covariates and averaging or otherwise over the remaining covariates. The interactions and dependence of the predictive variable on other factors may be of interest. Often only linear by linear interactions are considered; however, many biological relationships and interactions may be non-linear and the mismodelling consequently may suggest spurious interactions, due to false assumptions of the model. Multivariable fractional polynomials can be used to model non-linear relationships and simultaneously check all pairs of variables for interactions. We used the Stat mfpigen commands for the latter. Adjusted odds rations (ORs) and 95% CIs were calculated for those predictors that significantly entered the model (P < 0.10). Statistical significance was at P < 0.05 throughout. The analysis software was Stata v. 12.1 (Stata Corporation, College Station, TX, USA).
Results

Patient characteristics
A total of 61 578 episodes were recorded among 31 057 patients admitted acutely via ED between 1 January 2002 and 31 December 2011. These episodes represented all emergency medical admissions, admitted under any of the nine 'on-call' medical teams supervised by one of 22 Consultant Physicians, during these years, including patients admitted to the Intensive Care Unit (ICU) or High Dependency Unit (HDU). There were 15 037 male (48.4%) and 16 020 female (51.9%) patients; their median age (IQR) was 58.0 years (37.4-75.6) with the upper 10% boundary at 84.2 years. The median (IQR) length of stay (LOS) was 4.5 (1.8, 9.0) days. The major disease categories were respiratory (21.7%), cardiovascular (16.6%), neurological (18.5%), gastrointestinal (10.7%), hepatobilary (5.4%) and kidney (4.4%). There were 2703 in-hospital patient deaths by day 30 between 2002 and 2011; the annual mortality decreased from 11.5% in 2002 to 4.5% in 2011, representing a 60.9% relative reduction over 10 years (P < 0Á0001). The fully adjusted OR for a death at 30 days showed a highly significant reduction over that time period (OR 0.78 (95% CI 0.76-0.79): P < 0.0001) (Tables 1 and 2) .
The percentage of patients falling within Manchester Triage Categories 18 I-III at presentation was 1.9%, 36.3% and 50.0%, respectively. Their 30-day mortalities were 44.7%, 12.2% and 5.8%, respectively. The distribution of Charlson Co-morbidity Scores was 0 (57.7% of patients), 1 (24.8%) or 2 (17.6%); their in-hospital mortalities by day 30 were 4.4%, 9.6% and 21.4%, respectively. There were 22 consultants participating in the on-call roster. We present the data for outcome differences at the 70% cut-off by high-(n = 8) or lowvolume (n = 14) consultant group; however, the results were statistically significant for each of the three specified cut-offs (50%, 60% and 70%). The gender and Charlson Co-morbidity distributions were not different between high-or low-volume consultants. There was a trend for older patients to be admitted to the high-volume consultants (P = 0.07); the high-volume consultants had a shorter LOS (4.2 vs. 4.8 days median: P < 0.001). Both groups had broadly similar distribution of disease categories admitted under their care (Table 2) ; there were statistical differences with the high volume having more non-specific chest pain, congestive heart failure, biliary disease, chronic obstructive airways disease, and cellulitis but less asthma, and substance abuse.
Mortality by high or low volume when 'on-call'
We analysed the 30-day in-hospital mortality, based on high or low volume of admissions. The 30-day mortality for the high volume (8.1%) was reduced compared with the low-volume consultant group (9.6%: P < 0.001). We adjusted the high-or lowvolume consultant groups for other major outcome predictors including Acute Illness Severity, Charlson Co-morbidity Index, the Manchester Triage Category on admission and the SAHRU Deprivation Index-all independent predictors of 30-day in-hospital mortality. The area under the curve for this model to predict an in-hospital death by day 30 was 0.88 (95% CI 0.88-0.89). The 25% relative risk reduction (RRR), in the fully adjusted model, for a death by day 30 was highly significant (P < 0.001): OR 0.75 (95% CI 0.68-0.82) ( Table 3) .
Interaction of consultant group and other risk predictors
There was significant interaction between consultant category and Acute Illness Severity score: F = 7.3; (P < 0.001) (Figure 1 ). An admission under a high-volume consultant had a better outcome (30-day in-hospital mortality) for patients in There was significant interaction between consultant category and Manchester Triage Category at time of admission: F = 5.1 (P = 0.006). An admission under a high-volume consultant had a better outcome (30-day in-hospital mortality) for patients in Manchester Category II-[high volume 11.5% (95% CI 10.8-12.1%): low volume 13.8% (95% CI 12.9-14.6%)] and also in Manchester Category III or above-[high volume 5.3% (95% CI 4.8-5.9%): low volume 6.9% (95% CI 6.2-7.5%)]; there was no difference for patients in the highest risk category.
The non-linear modelling, using the multivariate polynomial fractions, confirmed major interactions between illness severity, triage category and comorbidity index. In terms of the consultant volume category, it suggested that the most important interaction was for Charlson Co-morbidity Index (P = 0.03).
Discussion
These data suggest an important influence of the senior decision maker in charge of the acute admission process; there was a 25% relative reduction in risk of a 30-day death, comparing a high-volume vs. a low-volume consultant. This effect was apparent after adjustment for major outcome predictors, included the Acute Illness Severity, 17 the co-morbidity burden, 19 the troponin status 22 and the baseline (at time of clinical presentation) oxygenation and triage category. 18 Over the period 2002-11, the total 30-day in-patient mortality for any emergency medical admission, fell from 11.8% to 5.1%, showing a RRR of 57.0% and number needed to treat (NNT) of 14.9. This may have been due to an Illness severity is laboratory-only score predicting 30-day mortality based on admission-sodium, potassium, urea, red cell width, white cell count and albumin and troponin. integrated approach to management-combining the strengths of both an internal medicine overview, with specialist expertise and focus. However, it is notable that data do support a rationale for an unselected approach to admissions, avoiding preconceptions as to triage to the 'right person-in the right setting' that is regularly espoused.
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Of course, the clinical outcome is determined by multiple factors outside the control of the consultant on call, be it a physician who sees high volumes of acute medical admissions or a consultant who cares for lower volumes of patients. Critical determinants of outcome will include the Acute Illness Severity. There is an interest in the use of aggregate predictive score system in this regard-these may use laboratory markers only 24 or a combination of laboratory and clinical physiological parameters. 25 In general, they will be age adjusted. 26 The underlying rationale is that disturbance in the clinical or laboratory parameters can predict outcomes for a wide variety of clincal scenarios. The advantage of a laboratoryonly score is that generally a complete dataset will be recorded at admission and values as high as 0.85 AUROC may be achieved in terms of prediction 17 ; if albumin is included this can improve reliability, due to the overall prognostic importance of the albumin status at clinical baseline. 27 A large number of previous studies have evaluated the relationship between volumes and patient outcomes for a variety of specific diagnoses. The initial studies in this area were performed >20 years ago by Luft et al. and described the relationship between higher volume of specific surgical procedures and lower inpatient mortality rates at a hospital level. 28 Over time a large number of surgical conditions have been shown to exhibit this positive volume-outcome relationship at both a hospital and surgeon level, including, but not limited to, vascular surgery, coronary artery bypass, transurethral resection of the prostate, traumatic brain injury and pancreatitis. 1, 3, 4, 28 More recently, studies have been carried out on the influence of both hospital and physician volume on the outcome of medical conditions. These have had contrasting results with positive relationships demonstrated for stroke, myocardial infarction, congestive cardiac failure, chronic obstructive pulmonary disease and AIDS contrasting with negative studies in pneumonia and sepsis. 2, [5] [6] [7] 9, 10, 12, 13, 29 Our study has a number of strengths. We have a large and complete patient dataset with 61 578 admission episodes; this covered all 31 057 patients admitted medically to our institution over a 10-year period, including those admitted to the ICU and HDU ensuring we have captured the sickest patients in our dataset. The large number of patients included in our study enable us to evaluate small but clinically relevent results; when dealing with stark outcome measures such as mortality, any difference in outcome becomes clinically important. We have presented results for patient volumes that have been adjusted for illness severity, eliminating any potential bias due to a propensity for lower volume speciality services to take over the care of patients with greater illness severity.
As with any study ours has limitations. We have demonstrated an association between 30-day mortality and consultant volume in acute medical admissions; this does not necessarily imply causation. Although we have attempted to account for this in our multivariate model, we cannot completely exclude other unmeasured confounders as the cause of these results. Our institution has a number of other admitting services, the most relevant of which is that all acute coronary syndromes are admitted under cardiology, this limits the generalizability of our results to all diagnoses. However, as previously outlined, cardiac pathology has perhaps the strongest existing evidence base among medical conditions for a volume-outcome relationship.
Notwithstanding, the expectation that much of the outcome is determined by factors outside the control of the physicians, we were intrigued to discover an impact for the covering physicians, related to the volume of acute medical patients cared for.
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